Introduction
Lymph node metastasis (LNM) of hepatocellular carcinoma (HCC) is a rare condition of the disease, with an incidence of 5.1%-7.5% in large surgical series.
1,2 LNM of HCC has poor prognosis, and no effective standard therapeutic modality has been established. Although surgery, including lymphadenectomy, might be performed in selective patients, 1, 3, 4 the majority of patients are not suitable surgical candidates owing to uncontrolled primary cancer, poor liver function, and concurrent distant metastasis. 5 Barcelona Clinic of Liver Cancer (BCLC) guidelines categorized LNM into advanced stage with portal invasion and distant metastasis, recommending sorafenib. 6 However, in its landmark randomized trials, the tumor response rate (RR) was only 3%-5%, and the survival benefit was modest and insignificant in the subgroup of extrahepatic metastasis.
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Although external beam radiation therapy (EBRT) was known to be ineffective for HCC due to poor tolerance of whole liver, the application has been emerged with availability of local tumor irradiation while sparing non-tumorous liver. 9 EBRT is also an effective local treatment option for HCC with LNM, where EBRT provides a noninvasive methodology that achieves high tumor RRs. Several researchers have reported their clinical experiences in the case series. [10] [11] [12] [13] [14] [15] [16] [17] The purpose of this meta-analysis and systemic review was to evaluate the efficacy and safety of EBRT for LNM of HCC, and discuss the optimal treatment strategy in consideration of other treatment modalities.
Materials and methods
Study protocol
Our study adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses. We systemically searched the studies from PubMed, Embase, Medline, and Cochrane library published until December 24, 2017. The search term was designed to find all researches related to EBRT for HCC with LNM: (HCC or "hepatocellular carcinoma") and ("lymph node" or LN) and (metastasis or metastases) and (radiotherapy or EBRT or RT or "radiation therapy"). We included only the articles written in English and excluded the unpublished studies. The reference list of relevant articles was also searched.
Selection criteria
Our inclusion criteria for the meta-analysis were as follows: 1) clinical trials of HCC patients with LNM treated with EBRT, 2) inclusion of ≥5 HCC patients with LNM, and 3) provision of at least 1 main outcome (LN RR or 1-year overall survival [OS] rate). Reviews, conference abstracts, editorials, letters, case reports, and in vitro or animal studies were excluded.
Duplicated studies among the databases or researches other than clinical trials were filtered at the first screening using titles and citations. At the second screening, abstracts, studies with irrelevant subjects and <5 HCC patients with LNM, and some remaining reviews and case reports that were not filtered in the first screening were excluded. The final screening with full-text review was performed to include only the studies that fully met the inclusion criteria. For multiple studies published in a single institution, the following criteria were used for selection prioritized in numerical order: 1) included HCC patients with LNM only rather than all HCC patients, 2) the study with the largest number of patients, and 3) the most recently published study. All the screening processes were performed by 2 independent researchers, and disagreements during the process and decision of final inclusion were agreed upon discussion. The study inclusion process is described in Figure 1 .
Data extraction
Data extraction was performed by 2 independent researchers using a standardized form. Disagreement was resolved through discussion and mutual consent. The data obtained included 1) general information such as authors, country, and year of publication; 2) clinical information such as the number of patients, sex, rate of Child-Pugh Classification A, age, control of primary HCC, chemotherapy, tumor response, and toxicity criteria; 3) EBRT profiles such as modality, radiation dose, clinical target of EBRT; 4) and clinical outcomes such as median OS (overall and tumor responders vs nonresponders), 1-year OS rate, 2-year OS rate, tumor RR (overall and lowdose vs high-dose EBRT), and grade ≥3 toxicity. RR should be evaluated with tumor size criteria, such as the World Health Organization criteria or Response Evaluation Criteria in Solid Tumors, 18 not with symptomatic responses. If the study included both the HCC patients with and without LNM, we only used the clinical information of HCC patients with LNM.
Quality assessment
Because most of the studies were retrospective in nature, we used the Newcastle-Ottawa Scale (NOS) 19 to assess the quality of included studies. The studies rated from 7 to 9 points on the NOS were regarded as high quality, and those rated from 4 to 6 points were defined as moderate quality.
Statistical analysis
The primary endpoint was tumor RR and was defined as the sum of complete remission and partial RRs. The OS and grade ≥3 toxicities were the secondary endpoints. Toxicities were primarily assessed descriptively. We calculated the pooled rates of RR, OS, and grade ≥3 toxicities using random-effects model 20 because the included studies were conducted in different institutions and the patient groups were heterogeneous. The Cochran Q 21 test and I 2 statistics were used to evaluate the heterogeneity among included studies. If the P-value was <0.1 and the I 2 value was ≥50%, the heterogeneity was considered as significant. The visual inspection of funnel plot and quantitative analysis of Egger's test of intercept 22 were used to evaluate publication bias. Publication bias was considered to be present if the 2-tailed P-value at Egger's test was <0.1. The trimmed result using Duval and Tweedie's method 23 was presented at the results. 
Results
Study characteristics
An initial broad search found 506 studies. After excluding reviews, letters, conference abstracts, editorial, case reports, laboratory studies, and duplicated studies, 158 studies were screened for their abstracts. Of these, studies with irrelevant subject or those that included HCC patients with LNM of <5 were excluded. The full text of the remaining 48 studies was reviewed, and we excluded those that did not fully meet the inclusion criteria. Multiple studies conducted in a single institution were selected according to the criteria detailed in the selection criteria section. Finally, 8 studies comprising 521 HCC patients with LNM were included in the metaanalysis. [10] [11] [12] [13] [14] [15] [16] [17] The inclusion process is described in Figure 1 .
All 8 studies were retrospectively designed and had scores ranging from 5 to 6, corresponding with moderate quality according to the NOS scale. Six of the 8 studies provided the rates of Child-Pugh Classification A patients, which ranged from 57.1% to 94.2%. The rate of distant metastasis, controlled primary lesion, and intra-abdominal LN were available in 5, 6, and 7 of the 8 studies, respectively. Since LNM of HCC is a rare disease and its prognosis are known to be as poor as systemic metastasis, 24 most studies did not exclude the patients with distant metastases or extra-abdominal LNM. The data about use of concomitant or post-EBRT chemotherapy were available in 2 studies. In one study, sorafenib and capecitabine plus cisplatin were used. In another study, transarterial infusion of epirubicin and cisplatin and systemic infusion of 5-FU were used. The characteristics of the included studies are summarized in Table 1 .
Treatment profiles and clinical outcomes
Regarding EBRT modalities, 4 of the 8 studies (50%) used 3-dimensional conformal radiotherapy (3DCRT), 2 studies Total number of studies following an initial broad search (n=506) Reviews, letters, conference abstracts, editorial, case reports, laboratory studies (n=259) Duplication among databases (n=89) Subject irrelevant (n=107), Case series <5 (n=3)
Proceed to abstract screening (n=158)
Proceed to full-text screening (n=48)
Does not fully meet criteria (n=31), multiple studies from one institution (n=9) 8 studies and 521 patients were finally included 
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Rim et al used 3DCRT and intensity-modulated radiotherapy (IMRT), 1 study used IMRT, and 1 study used 3DCRT and 2-dimensional radiotherapy. The information of EBRT target was available in 7 of 8 studies. The clinical target of EBRT was LNM in 6 of the 8 studies (75%), while 1 study targeted LNM and the elective nodal station. The median prescribed radiation dose, which was calculated to biologically equivalent dose (BED) using an α/β ratio of 10, ranged from 50 to 75 Gy 10 with the median value of 60 Gy 10 . One study, which had the highest BED, used a hypofractionated scheme of 10 fractions of 5 Gy, while the other 7 studies used the conventional scheme of >10 fractions with 1.8-4 Gy per fraction. RR was available in all 8 studies, and the median was 77.6% (range: 56.7-86.7). The pooled RR was 73.1% (95% confidence interval [CI]: 63.6-80.9). Significant heterogeneity was found among the studies (P<0.001, I
2 =75.2%). Six of the 8 studies reported the RR according to high-dose vs low-dose groups. The borderline dose between low-and high-dose groups ranged from 50 to 60 Gy 10 in BED. The pooled RR of the high-dose groups was 82.2% (95% CI: 74.4-88.1), while that of the low-dose groups was 51.1% (95% CI: 40.3-61.7). The pooled RR of the high-dose and low-dose groups was significantly different (P<0.001). Significant heterogeneities were observed in studies in terms of overall RR (P<0.001, I 2 =75.2) and in the high-dose group (P=0.035, I 2 =58.2%), but not in the low-dose group (P=0.362,
I
2 =8.5%). As dose comparisons were used as variables for survival or tumor control rates assessment from included studies (rather than as subgroups), further analysis was not performed although heterogeneity was observed in the high-dose group. The 1-year OS rate was available in 5 studies, and the pooled rate was 41.0% (95% CI: 32.9-49.6). The 2-year OS rate was available in 5 studies, and the pooled rate was 19.9% (95% CI: 16.1-24.3). The heterogeneities among studies were not significant in 1-year OS (P=0.129, I 2 =43.9%) and 2-year OS rates (P=0.566, I 2 =0%). The median OS was reported in 7 of the 8 studies, with median value of 8 months (range: 5. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Six studies compared the survival rates between tumor responders and nonresponders, and tumor responders had favorable survival in 5 of these 6 (83.3%) studies.
The treatment profiles and clinical outcomes are summarized in Table 2 , and the pooled rates with relevant statistics are shown in Table 3 . Forest plots of the 1-year OS, RR, and RR of the high-and low-dose groups are shown in Figure 2 .
Toxicities Treatment-related toxicities were available in all included studies, except in 1 study in which the toxicity of both patients with and without LNM was reported. Treatment toxicities 
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A pooled analysis: EBRT for HCC with LNM Chen et al 11 Lee et al 13 Wee et al 15 Yamashita et al 16 Yoon et al 17 Toya et al 10 Jang et al 12 Park et al 14 Park et al 14 Park et al 14 Park et al 14 Chen et al 11 Lee et al 13 Wee et al 15 Yoon et al 17 Toya et al 10 Chen et al 11 Lee et al 13 Wee et al 15 Yoon et al 17 Toya et al 10 Chen et al 11 Yamashita et al 16 Yoon et al 17 Toya et al 10 Response Table 2 . Pooled analyses were performed for the 2 most common grade ≥3 complications. The pooled rate of grade ≥3 thrombocytopenia was 3.4% (95% CI: 1.2%-9.5%), and grade ≥3 GI toxicity was 3.5% (95% CI: 1.7%-7.2%). Significant heterogeneities were not shown for GI toxicity (P=0.196, I 2 =30.5%) but shown for thrombocytopenia (P=0.023, I 2 =59.0%). Further analysis was not performed despite the heterogeneity because it might be explained with that thrombocytopenia of grade ≥3 was reported in only 2 of 7 available studies (9.9% and 14.3%) but not in other studies. Forest plots of pooled analyses are shown in Figure 3 .
Publication bias
Pooled analyses of overall RR, high-and low-dose group RR, 1-year OS rate, and 2-year OS rate did not have publication bias according to Egger's test and visual inspection of the funnel plot. Funnel plots assessing publication biases are demonstrated in Figure 4 . Publication bias assessments were not performed for complications, as too few studies (4 for GI toxicities and 2 for thrombocytopenia) reported relevant rates and most of the rates were lower than 10%; biases might not be detected via funnel plot-based analyses.
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Discussion
LNM of HCC is a rare clinical condition with poor prognosis, and its standard treatment has yet to be established. Surgical treatment including lymphadenectomy can be an option for local treatment, 1, 3, 4, 26 and systemic treatment with sorafenib is a sole recommended option in the BCLC guidelines. 6 Surgery including lymphadenectomy in HCC patients with LNM has been controversial. Of the series that reported surgical experience, Sun et al 1 performed surgery on 49 HCC patients with LNM, and lymphadenectomy was performed in 26 patients. The lymphadenectomy group showed similar survival rates (P=0.944) as the patients who did not undergo lymphadenectomy, and operation time was prolonged for approximately 1 hour (P=0.033). Considering these findings, the authors did not recommend routine lymphadenectomy and endorsed the use of radiotherapy, in reference to a study by Zeng et al 27 that showed effective treatment response (the study by Chen et al 11 was included in our meta-analysis, and the 2 studies were both performed at the same institution.)
On the other hand, recently published surgical studies have investigated the long-term survival of patients after surgery and claimed the need for lymphadenectomy. Awazu et al 3 performed surgery with lymphadenectomy on 15 patients and achieved a 1-year survival rate of 76.9% and a 2-year survival rate of 52.7%. Kobayashi et al 4 also reported favorable results, with a 1-year survival rate of 85%, and a 2-year survival rate of 42% for 18 patients. Kobayashi et al 4 also stated that the median survival time of EBRT studies has only been 7-9 months and that the rate of GI bleeding was fairly high, at 9%-22%, which mitigated the utility of EBRT.
However, it should be noted that the inclusion criteria of the patients in the above 2 studies were very strict. Both studies included cases with controlled primary liver cancer, adequate liver function and performance status for surgery, 
3312
Rim et al no extrahepatic metastasis other than LNM, and isolated LNM. For the EBRT studies that were included in our meta-analysis, most studies included significant proportions of patients with uncontrolled primary HCCs, extrahepatic LNM, and distant metastases other than LNM. 10, 11, [13] [14] [15] 17 Furthermore, patients with portal vein thrombosis were not excluded in most of the studies, 10, 12, 13 and the rate of grade ≥3 or higher GI bleeding was <10% in all of the studies that reported adverse events. The GI bleeding rate of 9%-22% might be the number encompassed grade ≤2 GI bleeding, which could be adequately controlled. Taken together, it might be unreasonable to compare the surgical and EBRT series directly regarding survival.
Sorafenib is the only systemic agent that has demonstrated survival benefit in well-designed randomized controlled trials. However, in its landmark trials the survival benefits of subgroups with extrahepatic metastases were not significant. 7, 8 In addition, the tumor RRs of patients who were treated with sorafenib was as low as 2%-3.5%. LNM of HCC can present with severe symptoms, such as obstructive jaundice, pyloric obstruction, and inferior vena cava obstruction. 27 The symptom improvement is difficult to Chen et al 11 Lee et al 13 Wee et al 15 Yamashita et al 16 Yoon et al 17 Toya et al 10 Park et al 14 Chen et al 11 Lee et al 13 Wee et al 15 Yamashita et al 16 Yoon et al 17 Toya et al 10 Park 
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A pooled analysis: EBRT for HCC with LNM be expected with use of sorafenib because tumor response rate is less than moderate. In addition, sorafenib treatment has complications such as hand-foot syndrome, which can be distressing for patients with HCCs. Treatment with sorafenib alone, as the BCLC guidelines recommended, should be carefully determined for patients with extrahepatic metastases, where improved survival rates have not been apparent. We recommend sorafenib in combination with local treatments, such as lymphadenectomy or EBRT, which might palliate the local LNM symptoms and improve survival.
In our meta-analysis, the overall pooled RR was 73.1% (95% CI: 63.6-80.9), and the high-dose group showed an excellent pooled RR of 82.2% (95% CI: 74.4%-88.1%). Because 5 of the 6 (83.3%) available studies 11, [13] [14] [15] 17 reported a survival benefit of EBRT for responders, EBRT with higher dose than 55-60Gy 2 in BED (equivalent to 46-50 Gy in conventional 2 Gy per fraction) is recommended when possible. Wee et al 15 reported that the symptoms related with LNM nearly triples the risk of death; the high RR of LNM after EBRT might be expected to relieve the symptom through tumor reductions and prolong survival. Radiosensitive organs, such as the duodenum, can be included in the radiation field when performing EBRT for LNMs. Therefore, in order to perform high-dose EBRT, techniques that increase treatment precision, such as respiratory gating, cone-beam or megavoltage CT, and real-time tumor tracking, are essential. [28] [29] [30] The presence of GI ulcer history increases the likelihood of severe GI toxicity and should be endoscopically evaluated prior to treatment. 17, 31 In our meta-analysis, the overall grade ≥3 complication rates were as low as 3.4% and 3.5% for thrombocytopenia and GI toxicity, respectively, but this result should be interpreted with caution because all of the included studies were retrospective.
Recently, our team and the Korean Liver Cancer Study Group analyzed the Korean nationwide cohort from 2008-2012 including 1,015 BCLC C patients, to find the subpopulation who can be benefited with local treatment including EBRT. Regarding patients with LNM, initial treatment including EBRT showed a trend to favorable survival than sorafenib (1-year OS rates: 16.3% vs 6.4%, P=0.079). 32 The statistical analysis might be underpowered due to the small numbers of patients with LNM, and additional data from 2013 to 2014 are being added and analyzed. Upon completion of this analysis, the results will be helpful in identifying the role of EBRT for the HCC patients with LNM, as well as with the result of the present study. In summary, EBRT is a local treatment option with a high RR, which provides possible symptom relief through tumor reduction and prolongs survival for treating HCC patients with LNM. EBRT has the additional benefit of being noninvasive and can be performed in an outpatient setting. Surgery, including lymphadenectomy, might provide longterm survival in selective cases. Hence, surgical treatment should be attempted after a multidisciplinary discussion about the general condition and disease status of the patient, when therapeutic benefit from resection can be expected. Local treatment such as EBRT and surgery might be considered if the patients' condition and disease status allow, and sorafenib should be used as a final systemic option if the disease progresses.
The following limitations should be considered when interpreting this study. The use of meta-analysis on observational studies is controversial. 33 The heterogeneity among study designs and patient populations might affect the estimation of pooled analysis. 34 Although randomized controlled studies provide the most robust evidence, not all clinical cases can be supported by the best evidence in oncology, and treatment decisions can be made based on small studies, clinical observations, and clinical experiences. 35 In particular, designing randomized controlled trials for rare diseases with poor expected prognosis, such as LNM of HCC, is difficult. Therefore, a meta-analysis of observational studies may be one of the best ways to assess the efficacy and safety of a particular treatment modality. 34 Additionally, the relatively small numbers of studies and patients included in the present meta-analysis can also be a drawback. Owing to rarity of incidence, most of the included studies encompassed every HCC patient with LNM, regardless of whether the patient was having distant metastases or extrahepatic LNMs. Although LNM of HCC is a rare disease and its prognosis is known to be as poor as systemic metastasis, 24 clinical heterogeneity might be present; that is why we set the RR as a primary endpoint rather than survival rate.
Conclusion
EBRT confers a favorable tumor response, might relieve the symptoms of LNM, and is expected to prolong survival. High-dose EBRT is associated with higher tumor RRs, and technical considerations are necessary to reduce possible complications. Surgery can be considered for selective candidates. We recommend, through the current study, to use sorafenib combined or sequentially with local treatments rather than monotherapy.
